INTRODUCTION.
The term Laser induced Chemical Vapour Deposition (LCVD) refers to a wide variety of processes in which material is deposited from the gas phase under the influence of laser irradiation. Deposition of several metals (1-13) as well as metaloxides, -nitrides, carbides and -borides (14-23) has already been accomplished by LCVD. The capability of LCVD to deposit coatings very locally and to combine the advantages 01 high temperature deposition (high effective growth rates, good adhesion, little contamination of the film) with the strongly localized heat and chemical treatments is particular convenient for applications in the micromechanics and microelectronics field.
The LCVD processes are based on the activation (either pyrolytic or photolytic) of chemical reactions by a laser beam. In pyrolytic LCVD, the laser serves as a heat source to locally heat the substrate in order to thermally drive the reaction. Photolytic LCVD on the other hand involves the resonant absorption of the laser radiation by the precursor molecules. As in the more conventional methods for making thin films, vacuum LCVD processes are the most widely known and well respected. However, the demand for more production oriented and cost effective thin film processes has increased the interest in atmospheric LCVD processes. In this study, we will report on the characterization of TiN coatings deposited locally on molybdenum using pyrolytic LCVD at atmospheric pressure. Deposition of TiN on various 3D-formed tool steels has also been investigated. Films of T i i are extensively used in many applications not only because of their wear resistance properties but also because of their optical and diffusion banier properties.
Contrary to conventional CVD processes where the whole substrate material is uniformly heated to a high temperature in the environment of reactant molecules, only a small area of the substrate is heated during pyrolytic LCVD processes and a temperature distribution is induced in the substrate. Favourable consequences are the observed spatial control of deposited films and the reduced thermal load of the substrate materials. However, the profiles and microsrructures of the deposits were found to depend strongly on the surface temperature induced by the laser beam. In this paper we will correlate the microstructure, deposit shape and spatial distribution of the TiN films with the laser irradiation parameters.
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EXPERIMENTAL PROCEDURE.
Pyrolytic LCVD of TiN films at atmospheric pressure was carried out in a small stainless steel reactor consisting of a gas feedthrough, a laser entry window, a pressure meter connection, an outlet to a I ~tary pump and an exhaust line connected to a NaOH scrubber ( fig.1) radiation. The branches converge into an integrated laser head which delivers the laser energy to the workpiece and also catches visible and near infra-red (NR) radiation coming from the heated surface (24) . The NIR part of the light is focused on an optical fibre. The construction is such that the fibre end is situated in an
Reaction cell
image field conjugated to the substrate. It can be moved 5 x 5 mm. by micrometer screws, so that the NIR radiation can be taken from Figure  deposition a reproducible location of the sample. In most cases this location is taken aligned with the laser spot, so that the highest temperature region is monitored. It is however posssibie to study the temperature distribution profile in the vicinity of the laser spot by shifting the fibre position and taking the micrometer readings. It can be anticipated that growing a TiN film on a substrate or even simply heating such a substrate brings about a change in emissivity. Because the pyrometer set-up used in this work is not corrected for such emissivity changes, temperature values are only measured prior to any deposition and trends rather than absolute values are used in discussing the results.
Deposition experiments were carried out on lOmm x 5mm x 39 p O, x W x H) molybdenum strips and various tool steels.
Pretreatment of the molybdenum strips included:
-reduction in a Nz/H, (7%) atmosphere at 1050°C during 20 min.
-cooling down of the smps in a N#I2 (7%) atmosphere during 20 min. All strips were used without additional cleaning. The tool steels were ultrasonically degeased in a Nebol solution. TiN films were deposited in a reactive atmosphere of TiC14, N, and Hz according to the overall chemical reaction:
T~CI, + i n N, + 2 H, -+ T~N + 4 HCI Prior to any deposition experiment, the deposition cell is evacuated to a pressure of 0.004 mbar by the rotary pump. Next the pump is disconnected from the deposition cell by means of a manual operated valve. The cell is then refilled with N , till atmospheric pressure and the bypass to the NaOH scrubber is opened. The respective gases N, and Hz are monitored and controlled by means of electronic mass flow controllers and pneumatic solenoid valves. The TiC14 dosing equipment consists of a gas bubbler and recondensation jacket with temperature control. The TiCl, flow is controlled by the temperature of the Tic4 bubbler (40°C) and the amount of H, carrier gas passing through this bubbler. The degree of saturation of the Hz carrier gas with the TiC14 vapour is assumed to be constant The gas stream saturated with Tic& is fed to the reactor through heated (70°C) gas lines to prevent premature condensation of the TiClw The experimental gas flows used are: N, : 112.5 sccm, H~: 40.0 sccm, N2/H2: 1.5 .
The deposition experiments are then started with selected laser irradiation parameters. The microstructure of the TiN films has been observed by SEM. Using X-ray Diffraction (XRD), X-ray Photo electron Spectroscopy (XPS), Scanning Auger Microprobe (SAM) and EDAX analysis the chemical composition and stoichiometry of the TiN films were determined. SEM cross-sectional analyses were used to assess layer thickness and layer thickness distribution.
3.
RESULTS AND DISCUSSION.
3.1.
Deposition of TiN on molybdenum.
Characteristic gold coloured coatings were produced and analyzed by EDAX mainly to ensure that no significant amounts of impurities were present in the coatings. This was confirmed by the EDAX spectra. The intensities and the appearances of the peaks in the XRD pattern of the deposited films were consistent with polycrystalline stoichiomeuic TiN (osbomite). With XPS and SAM the chemical composition and the light-element chemical bonding of the TiN films were investigated before as well as after sputtering. Chemical compositions as calculated from the XPS spectra are given for two representative films in Table I . At the surface of the films the elements Ti, N, C, 0 and C1 are detected. After removing the uppermost 10-14 nm of the layer by sputtering Ti, N, 0 and a few at% C are detected. With regard to the light-element chemical bonding, the XPS nitrogen 1s peak was found at a binding energy consistent with titanium-bound nitrogen (397.7 eV). The Ti 2p spectrum has a typical satellite structure with Ti 2p 112 and Ti 2p 3/2 peaks at binding energies of about 461 eV and 455.4 eV respectively. Both values agree with reported chemical shifts from Ti-metal peaks bound to N. The XPS oxygen peak found at 531 eV after sputtering has probably to be assigned to TiOz as corraborated by the peak at 463.5 eV in the Ti 2p spectrum. Carbon at the surface before sputtering exists as C-H (80%) and C-0 (20%) bonds and is attributed to contamination by the XPS loadlock system. After sputtering part of the C-H and C-0 remains. Shading effects caused by the rough molybdenum surface were thought to be responsible for the occurence of the carbon and oxygen after sputtering. To exclude shading effects by the surface SAM analysis was performed. At the surface the elements Ti, N, C, 0 and CI were found; at a depth of 150-200 nm only Ti and N could be detected.
The micro-hardness of the TiN coatings was measured with a Vickers microhardness indenter. Seven indentions with 2g load were made on cross-sectioned layers. The resulting indention diagonals D were then measured using brightfield, dark-field and scanning electron microscopy. A
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hardness in the range 1900-2300 HV was found.
The surface-profiles, morphologies and spatial distribution ' of the laser-deposited TiN films were strongly influenced by the laser output power density i.e. the temperature. For the depositions on molybdenum the laser power densities were 
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Temperature measurements on bare molybdenum in the absence of TiCL, performed using the self-built pyrometer showed that a the Nd-YAG laserbeam induced a Gaussian-like temperature g profile in the substrates under all irradiation conditions studied. figures 2 and 3. Deposition is only possible in those regions of Figure 5 : Temperature profile induced in molybdenum at the substrate where the temperature corresponds to the threshold 17.6 x 1(Y W/cmz (upper curve) and 9 x 103 W/cm2 (lower temperature for decomposition of the precursor. The increase in curve). Displacement of IR-fibre over the width. dishibution width with laser output power is attributed to the wider temperature distribution along the surface. The threshold temperature for deposition is exceeded farther away from the irradiated spot. This causes deposition to occur along a greater area on the molybdenum (see fig.4 and 5). The different microstructures observed are attributed to the non-uniform temperature distribution across the profile track. Although double humped volcano morphologies have been observed experimentally in the LCVD of different materials (2, 10, 15, 20) it is not yet clear which mechanism is responsible for their occurence. Absorption-desorption processes (2) as well as convection effects (25) are held responsible for the appearance of volcanoes as can be concluded from literature. While further work is needed to determine the exact mechanism responsible for the occurence of volcano-like profiles in the system studied it can be concluded from temperature measurements that volcanoes are formed when the temperature in the centre of the heated region surpasses some critical temperature. In accordance with models described in literature this critical temperature is called the threshold temperature for volcano-like growth (2). TiN growth is distinctly different above and below the threshold temperature for volcano-like growth. Know-how of the dependence of the TiN coating profile on temperature has allowed us to control and optimize the cross-sectional deposit shape. Analysis of a Taguchi experimental design study (not reported here) and the trends found therein (26) corraborated the finding that Ti morphologies and deposit shapes were strongly dependent upon the laser power density used to irradiate the molybdenum substrates. The optimal laser irradiation settings for growing Gaussian-like or flat-topped TiN films were deduced from the Taguchi study. They were found to create a surface temperature profile with the centre temperature between the threshold temperature for decomposition and volcano-like growth.
3.2.
Depo'ition ol TiN art 3D-forrt~cd toul <reel<. The ;U-tor-mcd 1001 \tccl ill his ci13c cunSJb1 01 21 hrnit11 -1 .Y 3 \ I nlnl rec1angul;rr .;hapzd I)? loul stec'l cubc conrlcclcd tc~ a D? tool steeI plate via a thin bent arm. It was the aim of this experiment to deposit a TiN coating locally on the rectanyullu cubc. 7cn cubes hake h e n coated. T'hc Nd-YAC; laxr w a s used a1 a pulsr rcpetioun rate ol3OO HI.. The pulse width Has 1.5
nis. The laser power density was 15 x 1'3 W/crnZ . Thc laser beam was focused on the plane of the cube opposite to the bent arm. The gas tlows of TiCIA and NL were 1 sccm and 112.5 sccm respecdvely. The N,/H, ratio was 1.5 and thc pressure 1 bar. Coatins time was 6 min.
The result of the coating experiment is %en in fig.6 showing the rectaneular cube. The goldcn coloured layer is seen to be restricted nicely to the cube. EDAX revealed the layer to bc TIN without any impurities. A cross-sect~an of a TIN coated cube was analyzed to determine the growth rate of the film and to gain information on the density and thc layer thickness distribution of' thc coating. From SEM-pictures it is clear that a dense, adhering layer of TiN is deposited (see fiy.7). The layer thickness distribu~ioii on a cross-sectioned cube is schematically drawn in fig.8 . tl= 3 urn Fr?.S: Ti% layer thichrte\\ tlr\rrit~~rtrrn~ crvcr a cross-secrioned D? cut#
